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Abstract- The paper presents an analysis of variation of PDV on the squeeze film lubrication between a sphere and a 
rough porous plate by using fluids that contain lubricant additives. By using Christensen’s stochastic approach, 
Darcy’s formula, Stoke's theory, and Baru’s formula modified Reynolds equation is derived which is highly non-linear. 
The perturbation technique is used to make it linear and expressions for dimensionless pressure, squeezing time and 
dimensionless load are derived. The predictions are presented graphically. 
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I. INTRODUCTION  

The word squeeze has an English origin meaning act of gripping and pressing firmly. The viscosity of the 
fluid resists the motion and builds fluid pressure to prevent contact between surfaces when they approach 
each other. Since a limited time is needed to squeeze the viscous liquid out of the gap it has significant 
effects on bearing characteristics. Nowadays many kinds of research are carried out in the field of squeeze 
film lubrication mainly with Non-Newtonian couple stress fluids. The simplest broad view of the 
conventional theory of fluids is Stokes [1] micro continuum theory. Elshaskawy [2] examined the impact 
of lubricant on the functioning of journal bearings and found that they appreciably boost the load-carrying 
capability and reduces both frictional coefficient and leakages of sides. Many types of research activities 
took place like squeeze film performance between the sphere and flat plate [3], partial journal bearings 
[4], synovial joints [5,6], and stating, an accentuated film pressure, squeezing time, and larger load 
supporting capacity. 
 In past years the conditions under which lubricated contacts in machine elements have to operate 
reliably have become severe. So nominal film thickness has decreased to the level where surface 
roughness has gained importance. This issue focussed the attention of researchers on the impact of the 
texture of the surface.  Christensen and Tonder [7,8] derived the stochastic Reynolds equation for rough 
surfaces. Applying Christensen’s stochastic theory, the effect of squeeze film lubrication on the roughness 
of the surface with couple stress fluids as lubricant has been studied by many researchers [9-13]. 
In earlier studies viscosity   is treated as a constant. The influence of PDV of the fluid is neglected.  But 

Gould [14] described the changing of viscosity with pressure as significant specifically in squeeze films 
with high pressure.  Recently the authors are more interested in the effects of pressure dependency on 
viscosity [15-17]. The collective impact of couple stress, PDV and squeeze film lubrication among circular 
stepped plates was deliberately studied by Hanumagowda [18]. They found that these effects increase 
fluid film pressure, load carrying capacity, and improve the response time. 

 Recently Naduvinamani [19] studied the variations of pressure-dependent viscosity on the squeeze film 
lubrication between a sphere and a rough flat plate with couple stress liquids as a lubricant. The 
equipment which we are using in everyday life has a porous bearing to support the rotating shaft. They 
will be supplied with lubricant only once during their manufacture. So the use of porous bearing is a trivial 
solution as it increases the life of the bearings. The current paper is to analyze the joint effect of PDV, 
squeeze film lubrication among a rough flat porous plate, and a sphere lubricated with couple stress 
liquids. 
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II. MATHEMATICAL FORMULATION 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 denotes the design under study. Based on the analysis made by Hanumagowda et.al [20] the revised Reynolds 
equations is 
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To represent the roughness of a surface, the mathematical equation for film thickness is considered to be 
consisting of two parts 
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due to surface roughness asperities.   

Taking expectation on either side of equation (1) by Christensen’s stochastic theory we have 
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Substituting these in equation (4) we get 

Figure1: Configuration of Sphere and Flat Porous plates 
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Commonly two types of roughness structures are of importance, one-dimensional radial, and azimuthal 
roughness patterns.  

 For the one-dimensional radial (azimuthal) roughness pattern, the roughness striations are in the 
form of long narrow ridges(valleys) running in the radial(θ) directions 

Hence non- dimensional stochastic film thickness respectively assumes the form    
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The modified stochastic Reynold’s type equation (5) for these two types of roughness pattern takes the 
form   
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Equation (9) is highly non-linear. The film pressure is expanded for 0≤ γ <<1 by substituting 

 
* * *

0 1P p p              (10) 

into the equation (9) and perturbating gives the expression for pressure 
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Boundary conditions for film pressure are 
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Solving Eqns.  (11) and (12) based on boundary conditions (13) and (14) we get 
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By using equations (15) and (16) in (10) gives the dimensionless pressure as 
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Integrating the film pressure to obtain load bearing capacity, 
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Dimensionless load bearing capacity is 
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Integrating equation (18) with respect to 
*

mh subject to the condition * *1  at  0mh t   

Squeezing Time   
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III. RESULTS AND DISCUSSION 

3.1Dimensionless film pressure
 

The deviation of dimensionless pressure *P  against *r by fixing *   0.8,  mh  is plotted in Figure 2, Figure 

3, Figure 4 by respectively varying roughness parameter *c , pressure dependency parameter  , and 

couple stress parameter . In Figure 2 it is noticed that as the values of the roughness parameter  *c

increase, the azimuthal(radial) pressure increases(decreases). Alsoin Figure 3, Figure 4 it is noticed that 

as the value of the parameters  ,   increases pressure increases and azimuthal roughness is more 

accentuated than radial roughness.  In Figure 5 the graph is plotted by varying porosity parameters and by 

fixing * *  0.8,    0.06,  0.3,   0.3mh c      and reverse effect is observed. i.e as the value of porosity

   is increasing the pressure is found to be decreasing. 

 

 



325| Hanumagowda B N                           Analysis of Squeezing characteristics between a Sphere and Rough Porous  

           Flat Plate with variations of Pressure Dependent viscosity by using  
           lubricant additives 

 

 

 

 

 



326| Hanumagowda B N                           Analysis of Squeezing characteristics between a Sphere and Rough Porous  

           Flat Plate with variations of Pressure Dependent viscosity by using  
           lubricant additives 

3.2 Dimensionless load carrying capacity 

The dimensionless load-bearing capacity is a function of couple stress parameter, pressure-dependent 
viscosity, roughness, and porous parameters. Figure 7, Figure 8, Figure 9, and Figure 10 represent the 

changes of dimensionless pressure against *

mh .  In Figure 7 the graph is plotted by varying roughness 

parameter *c and is seen that load-bearing capacity increases(decreases) for azimuthal (radial) roughness 

patterns. In Figure  8, Figure  9 it is seen that dimensionless load-bearing capacity rises with increasing 
values of couple stress parameter, pressure dependency parameter, and graph indicate that azimuthal 
roughness pattern has a more prominent load-carrying capacity than radial roughness. In Figure 10 graph 
is drawn by varying permeability parameter . It is visible that as the value of the porosity parameter 

rises the load carrying capacity decreases. 
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3.3 Time-Height Relationship 

Figures 12-15 respectively depict the time-height relationship for different values of roughness, pressure 
dependency, and couple stress parameter by keeping other parameters fixed. In Figure 12, as we increase 

the value of roughness parameter squeezing time *T increases for azimuthal roughness whereas an 
opposite trend is visible for radial roughness and Figure 13 and Figure 14 respectively show that, as we 
increase the values of pressure dependency parameter and couple stress parameter squeezing time 
increases. In Figure 15 it is clear that subject to improvement in the value of permeability ( )the 

squeezing time *T decreases.   

Figure 6, Figure11, and Figure16 respectively represent plots of non-dimensional pressure *p , load 

bearing capacity *W  , and squeezing time *T   by considering fluids like Newtonian, Non-Newtonian, iso 

viscous, piezo viscous, and nonpermeable and permeable bearing for a rough surface. The lines are plotted 
for radial and azimuthal roughness patterns. As (   0.0,  0.0   ) it reduces to Naduvinamni[13] et.al 

observations whereas 0.0   it reduces to Naduvinamnai[19] et. al. analysis.  
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IV. CONCLUSION 

Based on Baru's expression, Christensen’s Stochastic theory, Stokes's theory, and Darcy’s equation the 
impact of PDV on squeeze film lubrication amid a sphere and a rough porous plate lubricated with couple 
stress fluids are analyzed. Based on it the following conclusions are drawn. 

1. As the value of the permeability parameter increases the pressure, load bearing capacity, and 

squeezing time decreases. 
2. Squeeze film characteristics are improved due to the azimuthal roughness pattern on the surface 
of the bearing whereas the trend is reversed in radial roughness pattern. 
3. The pressure, load bearing capacity, and time height relationship is increased when the PDV 
parameter  and couple stress parameter increases. 

4. When  0.0, 0.0   and 0.0  this analysis tends to Naduvinamani [13,19] iso-viscous 

and piezo-viscous nonporous analysis  
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